Rationale: Alpha-1 antitrypsin deficiency (AATD) is characterized by decreased circulating levels or activity of the serum protein, alpha-1 antitrypsin, which increases risk for chronic lung or liver injury and may lead to diseases such as chronic obstructive pulmonary disease (COPD). Currently there is no cure for AATD, and it is largely controlled through disease management and augmentation therapy. This study was designed to describe characteristics of patients enrolled in a disease management and prevention program. Methods: Data from questionnaires administered by AlphaNet were obtained on 4747 AATD patients and included demographic information, medical history, lifestyle choices, and adherence to the Alpha- 
Introduction
Alpha-1 antitrypsin deficiency (AATD) was first described in 1963 by Carl-Bertil Laurell and Sten Eriksson who observed that low levels of the alpha-1 antitrypsin (AAT) protein were associated with precocious emphysema.
1 This discovery, coupled with the association of AATD with childhood and adult liver disease has led to the condition being recognized as a predisposing factor for the development of liver disease, emphysema, certain vasculitides, as well as chronic obstructive pulmonary disease (COPD), in general.
2
While the condition has been identified for over 50 years, knowledge about prevention and treatment of the disease and its prevalence is somewhat limited.
AATD is a heritable condition that, as its name suggest, results in an individual having lower circulating levels of the AAT protein. Lower levels of this protein have been linked to a number of diseases; the majority of which are related to impaired lung function and liver disease.
3 The most common forms of AATD are the result of single base substitutions that lead to a change in the amino acid composition of the protein.
2 More than 200 of these mutations have been identified in the SERPINA1 gene, which contains the genetic information for the AAT protein. The effects of these mutations can range from harmless to decreases in activity or translational errors that create a protein that is ultimately degraded.
2,4
Normally, the AAT protein functions as a serine protease inhibitor, with the most notable target being neutrophil elastase. When neutrophils are recruited to sites of inflammation, elastase is released to combat the source of inflammation, but due to its broad proteolytic activity, also can attack host proteins.
2 AAT helps to balance the protective effects of the elastase, while limiting damage to native tissues. Therefore, a lack of activity or decrease in AAT level results in uncontrolled enzymatic elastase activity and increased host damage following inflammation. The majority of disease associated with AATD is associated with the pulmonary system, such as emphysema and bronchiectasis, with a smaller proportion of patients having hepatic and vasculitic manifestations. 2, 3, 5, 6 Currently there are no cures for AATD, but several treatment options are available, most of which are the same used to treat COPD.
5 Augmentation therapy, using purified human plasma-derived AAT protein administered intravenously on a weekly basis, is the only specific therapy currently available and is reserved for those with documented pulmonary emphysema. Additional therapies are in development, such as gene-based therapeutics.
5,7 The efficacy of augmentation therapy has been evaluated in a number of smaller clinical trials 8-10 as well as a recent wellpowered randomized, blinded, placebo-controlled trial demonstrating a reduction in the loss of lung tissue among patients on augmentation therapy.
11
To help patients, families of patients, and health care providers navigate the wealth of information on AATD, AlphaNet, a not-for-profit organization founded in 1995, has developed the Alpha-1 Disease Management and Prevention Program (ADMAPP). The program provides support as well as education on the disease. A large part of the educational component is devoted to prophylactic measures that individuals with AATD can take to help decrease risk of future disease complications. Specifically, preventive measures, such as smoking cessation, nutrition and exercise improvement, rapid recognition and treatment of exacerbations, identification and treatment of comorbid conditions, and immunization against influenza virus, hepatitis, and pneumonia, are emphasized in ADMAPP. ADMAPP encompasses many factors including education and interventions with the goal of optimizing clinical and economic outcomes for persons with AATD.
12 The program provides a variety of resources, including a unique telemonitoring system that enables persons with AATD to interact with coordinators (who also have AATD) on a monthly basis. The cornerstone of ADMAPP is the Big Fat Reference Guide to Alpha-1(BFRG), which is a free resource provided by AlphaNet.
12 It is a comprehensive guide meant for patients with AATD, their families, and medical providers and is one of the main components of the ADMAPP. During the first 6 months after entry into ADMAPP, coordinators interact with the patient to review the various components of self-management as described in the BFRG and document each participant's 
Methods

Study Design and Population
This study uses data gathered from questionnaires that individuals with AATD in the AlphaNet system completed, which have been described elsewhere.
13
The questionnaires are administered via telephone by trained AlphaNet coordinators who are assigned to participants based on geographical proximity, and take roughly an hour to complete. The dataset is a sample of 4747 individuals enrolled in ADMAPP, containing qualitative, self-reported, questionnaire responses, with answer dates ranging from May 29, 2008 29, to February 14, 2015 It is important to note that all participants in the AlphaNet program evaluated in this study entered the program because they are currently receiving or are about to begin intravenous augmentation therapy for lung disease due to AATD. The study population was determined by the response to 2 questions regarding adherence to ADMAPP. Participants were asked if they currently followed the guidelines of ADMAPP and for their estimated percentage of adherence with the program. Thus, the study definition of adherence was defined as any adherence to ADMAPP versus no adherence to ADMAPP. Of the 4747 participants, 1605 (33.8%) reported any adherence, 1921 (40.5%) reported no adherence, and 1221 (25.7%) had missing adherence information, leaving a final study population of 3526 ( Figure 1 ).
Lifestyle choices (e.g., smoking, understanding of the material. A large part of adherence to ADMAPP is reading and complying with the suggestions in the BFRG, but this act alone does not necessarily signify adherence, as the BFRG is one part of ADMAPP. This study was designed to assess associations between self-reported adherence to the AlphaNet ADMAPP and the prophylactic measures that are encouraged by the program as well as determining if any of these associations are a result of demographic and health differences between individuals who are ADMAPP adherent and those who are not.
drinking, exercise habits, immunizations), health status (e.g., body mass index [BMI] , perceived health) and knowledge of the disease were compared between the adherent and non-adherent groups. Exercise was originally reported in terms of frequency of the activity as well as the location of the exercise. This information was combined so that any indication of exercise was considered a positive response for exercise. For this study, socio-demographic characteristics (sex, age, race, marital status, income, BMI, smoking status) as well as current medical conditions and information specific to AATD and ADMAPP, were also considered for possible confounding.
Charlson Comorbidity Index
To ensure differences between the 2 groups were not due to unequal distribution of medical conditions between the 2 stratified populations, the Charlson Comorbidity Index (CCI) was used. Briefly, the CCI uses categories of comorbidities that are assigned a weighted integer value based on the risk of mortality. Mortality risk increases proportionally with the CCI score. 14 Missing or negative answers for each condition were given a score of zero. the subgroups within the population and were compared using chi-square tests. Continuous variables were reported as means and standards deviations and were compared using t-tests. P values were reported for both continuous and categorical variables, with significance threshold being a p value less than 0.05. Crude odds ratios (OR) and the respective 95% confidence intervals (CI) were calculated for all outcomes of interest, comparing the 2 stratified populations. Adjusted odds ratios were also calculated for the outcomes of interest, controlling for age, sex, CCI values, and income. The covariates used in adjustment were chosen based on differences in population demographics as well as potential confounding. The covariates were then considered for model inclusion using a stepwise technique described elsewhere.
Statistical Methods
15 All statistical analyses were performed using SAS software, Version 9.3 of the SAS System for Windows.
Overall, the sample (n=3526) was fairly evenly split between genders (53% male, 46% female, 1% missing), with no statistical differences in age (p=0.117), CCI score (p=0.760 for continuous classification and p=0.927 for categorical classification), or gender (p=0.059) between the stratified groups (any versus no adherence to ADMAPP). Significant differences were observed in marital status (p=0.004), income (p=<0.001), and race (p=<0.001), although racial differences were not considered significant as the majority of the sample was white ( Table 1) .
Adherent ADMAPP users had statistically significant increases in the proportion of individuals who selfreported having read any part of the BFRG, a collection of free educational material on AATD ( (Table 3) .
Initial analysis yielded statistically significant differences in the distribution of the results for perception of weight, fitness, and overall health and in increase in self-reported exercise ( Table 2) . Following logistic regression adjustment, adherent users had higher odds of reporting a fitness level better than "out of shape" (ORadj (Table  3) . Interestingly, ADMAPP adherent users were more likely to report drinking alcohol, but did not drink in excess, compared to the non-adherent population ( Table  4) . This difference in drinking habits was found to be statistically insignificant following adjustment ( Table   3) .
Results Discussion
Self-reported comfort with knowledge of AATD, as well as the use of the BFRG, were associated with the largest odds ratios of all of the outcomes examined in this study ( Table 4) . The information contained within the BFRG is extensive, covering a broad range of topics related to AATD management and disease prevention. The guide and the educational contents are the largest part of the ADMAPP program, so these results suggest that individuals in the program are reading the guide, which may correlate with increased comfort with their disease knowledge and translate into prophylactic behavioral changes. These results must be interpreted cautiously though, as this is not a validated measure of change in participant knowledge and is relative to the person answering the question. It does not measure whether or not the knowledge is correct, merely whether or not they feel comfortable with their knowledge. A number of questions included in the analysis dealt with an individual's perception of his/her general health and fitness as well as his/her exercise habits. Initial comparisons suggested several instances of distinction between the 2 samples ( Table 2) . The answers to all of the perception questions are subjective. One person's perception of "very fit," for example, may not match another person's perception. Furthermore, exercise habits were originally categorized based on regularity and location of the exercise. These answers were combined so that any indication of exercise was considered a positive response for exercise. For the purposes of this study, the effort of exercise was more important than the location or regularity of the exercise. Even with these limitations, the conclusion that ADMAPP-adherent individuals were more likely to exercise and have a positive image of their fitness remains strong. Considering the lack of temporality of this data, it is impossible to state how long people had been enrolled and therefore, the impact of the program may just not be as evident. This may explain the lack of significant changes in weight, as these would have been the result of multiple aspects of an individual's lifestyle over a sustained amount of time.
The lack of statistically significant results for perceived health comparisons may have also been affected by how long participants had been in the The results regarding the prophylactic measures taken by adherent individuals are significant. Since there is currently no cure for AATD, much of the treatment information for individuals with the condition focuses on preventive measures that can be taken to decrease the burden of the disease on the individual. Generally, these measures are focused on preventing xenobiotic and infectious insults to the lungs or liver, as well as healthy lifestyle choices. Ultimately, the aim is to avoid a proinflammatory environment.
One of the largest potential contributors to inflammation in the lungs is smoking, which can also increase host damage due to oxidative inactivated AAT protein, and as such, is a major focus of ADMAPP. This study found that ADMAPP-adherent individuals had half the odds of being active smokers (Table 3 ). In addition, these individuals were more likely to be immunized against influenza as well as Hepatitis A and B, which can be more serious in individuals with AATD, and are recommended immunizations in the BFRG. Taken together, these results are encouraging and suggest that ADMAPP-adherent individuals have higher odds of taking steps to reduce the chances of aggravating their condition.
There are several important limitations of this study that should be considered along with the results. First, all of the information, including the medical history, was collected via a self-reported questionnaire which brings into question the validity of the information provided. The self-reported nature of the study brings in recall bias (how accurate a person was able to remember information), reporting bias (selective revealing or suppressing of information by the participant), as well as a degree of social desirability bias (participants providing answers that they think are correct or desired). Participants were also asked if they had ever been immunized against Hepatitis A and B therefore, these immunizations may have been completed prior to their enrollment in ADMAPP. The data also lacked a longitudinal component, meaning the associations presented cannot be used to infer causality. Missing entries were also a limitation, with 25.72% of participants providing no information for the question concerning ADMAPP adherence, meaning our results may under-or overestimate the true results. While missing observations continue to be a limitation of this study, the large sample size and demographics for those missing adherence data helps to alleviate some of the concerns about the missing information. As this study indicates an association between ADMAPP adherence and several preventive outcomes, future studies need to be conducted using longitudinal data on this population to determine if this relationship is causal. Ultimately, the results of this study display the positive impact ADMAPP has on individuals with AATD. Individuals who self-reported any adherence to the program were more likely to be informed about their condition and take preventive measures, such as smoking cessation, and getting immunized against conditions that could magnify the effects of AATD, while also self-reporting they exercise. 
